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(57) Abstract: A refirigerator control method for a refrigerator 

(1) comprising a fresh food storage compartment (2), a freezer 
compartment (3), a temperature sensor (4) provided in the 
freezer compartment (3), a baffle (9) to control the flow of air 
from the freezer compartment (3) to the fresh food compartment 

(2) , a compressor (5) compressing and circulating the refrigerant, 
provided with a motor (6), a convertor (7) enabling the operation 
of the compressor (5) at different numbers of revolution of 
the motor (6) and a control card (8) enabling said refrigerator 
to operate as required, which increases the capacity of the 
compressor (5) by increasing the number of revolutions for the 
motor (6) depending on the open/closed position of the baffle 
(9) and on the amount of the temperature increase in the freezer 
compartment (3) during the operation of said compressor (5), or 
decreases the capacity of the compressor (5) by decreasing the 
number of revolutions of the motor (6) depending on the freezer 
compartment (3) cooling speed when the baffle (9) is open. 
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REFRIGERATOR CONTROL METHOD 

The present invention relates to a control method used in refrigerators that makes 
it possible to regulate the capacity of a compressor with variable capacity control, 

5 

In the state of ar^ compressors with variable capacity control which are briefly 
referred to as "VCC compressor" are used in the refrigerators. In such type of 
compressors, the control of capacity is possible. Therefore, the design of the 
refrigerator and its frmctions can be made by taking into consideration ihe general 
10 customer usage conditions which are close to the standard energy consumption. 
As it is possible to adapt the capacity of the compressor according to the 
conditions to which the refrigerator is exposed during its operation, thfe situation 
directly effects the energy consunption of the refrigerator in the positive sense. 
Various methods have been developed to control the capacity of the compressor. 

15 

One of said methods is disclosed in the US Patent No. 5586444, wherein the 
capacity of a VCC conlpressor is controlled by the PID method. However this 
method is sensitive towards the tolerances of the conqponents on the cooling and 
air distribution system of the refrigerator. The PID parameters detemiined on one 
20 sample, may not give satis&ctoiy results on another sanople. 

In another known embodiment of the state of art, the capacity of the compressor is 
adjusted manually. In this case the refrigerator can attain a low energy 
consumption but its cooliag performance decreases as it cannot respond 
25 dynamically to the thermal loads occurring during operation. 

In the European Patent Application N<?. 0859208, a control method is employed 
on a refrigerator with an evaporator that is connected in series to both of its 
compartments. In this method, the control for opening/closing the compressor is 
30 made by a sensor placed in the cooliag compartment and the control of the 
compressor capacity is made by a sensor placed in the freezer compartment of the 
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refrigerator. This method is quite complex and cannot meet the requirements 
satisfactorily. 

The object of the present invention is to provide the operation of the compressor 
5 at the optimum capacity according to the themial and moisture loads occurring in 
the refrigerator. 

The refrigerator control method realized to attain said object of the present 
invention has been illustrated in the attached drawmgs, wherein: 

10 

Figure 1 , is the schematic view of the refrigerator 

Figure 2a, is the flow chart of the refrigerator control method wherein tlae 
compressor capacity is increased. 

Figure 2b, is the flow chart of the refrigerator control method wherein the 
15 compressor capacity is decreased. 

The components shown in the drawings have been numerated individually as 
shown below: 

20 1. Refrigerator 

2. Fresh food compartment 

3. Freezer compartment 
4- Temperature sensor 
5. Compressor 

25 6^ Motor 

7- Convertor 

8. Control card 

9. Baffle 

30 The refrigerator (1) comprises a fresh food storage compartment (2), a freezer 
compartment (3), a temperature sensor (4) provided in the freezer compartment 
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(3), a baffle (9) to control the flow of air from the freezer compartment (3) to the 
fresh food compartment (2), a compressor (5) compressing and circulating the 
refrigerant, provided with a motor (6); and a control card (8). A convertor (7) is 
used to enable the motor (6) provided in the compressor (5) to operate at different 
5 rotational speeds in order to control said coir5)ressor (5). The convertor (7) 
regulates the number of revolutions of the motor (6) of the compressor (5) 
depending on the signals sent from the control card (8) which evaluates the data 
obtained from the temperature sensor (4) placed in the freezer compartment (3), 

10 In the method according to the invention^ the compressor (5) operates at wious 
ca]5)acities and the motor (6) rrnis in a determined range of revolutions per minute, 
e.g. 1600 and 4500 rpm, during the operational cycle of the refrigerator. The 
capacity of the compressor (5) increases as the number of revolutions increases. 
The variations of revolution in the motor (6) depending on the defined stages, are 

15 ejSected hy the temperature m the fi-eezer compartment (3) and the position of the 
baffle (9). In other words, when a change in the capacity of the compressor (5) is 
intended to be made, the temperature in the fireezer compartment (3) and the 
position of the baffje (9) are controlled and then the decision on whether the 
number of revolutions of the motor (5) is to be changed or not, is made. 

20 

When the refrigemtor (1) is first initiated to operate, the compressor (5) starts to 
operate at a maximum nmnber of revolutions of the motor: thus, the refrigerator 
(1) attains the desired temperature as soon as possible. After the first pause, the 
compressor (5) drops to the mimmum number of revolutions of the motor, 
25 Similarly, the compressor (5) operating at maxmumi number of revolutions before 
and after defrosting, then drops to minimum number of revolutions. 

The refrigerator (1) control method according to the invention comprises two sub- 
decision processes, namely increasing and decreasing the compressor (5) capacity 
30 according to varying thermal loads. Both decisions are made during the time 
period when the compressor (5) is operating. 
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The decision to increase the capacity of the compressor (5) is naade according to 
the following sub-decision process. In this sub decision process, first the on/ofif 
condition of the con^ressor (5) is checked (lOO). If it is operating, ie, "on", the 
5 temperature hx the freezer compartment (3) is controlled to see if it drops below 
the upper limit value (Tfreezer-max) of the temperature range within the limits of 
which the freezer compartment (3) temperature (Tfreezer) should be (101a). In 
case the temperature value of the freezer con^artment (3) does not fell below the 
upper limit value of said temperature range, in a determined time period (101b), 

10 the conqpressor (5) capacity and thus the number of revolutions for the motor (6) 
is preferably upgraded one step (102). In case the temperature value of the freezer 
compartment (3) falls below said upper limit value, the first and last temperature 
values in a given time period are measured by the temperatvjre seiisor (4) and the 
differential temperatwe (AT) is calculated by subtracting the first value from the 

15 last value (103). If this difference of temperature (AT) is positive, i.e. there is a 
tendency to an increase in tercyperature, the open/closed position of the baffle (9) 
is checked (104)- If the baMe is open, cooling of the freezer compartment takes 
longer, since the cooled air that is obtained by passing the air over the evaporator 
is directed to the fresh food compartment. On the other side, the freezer 

20 compartment cools faster when the baffle is closed. If it is open the calculated 
temperature difference (AT) value is compared to the predetermined first 
tentt>erature difference (ATI) value (105). If the temperature difference value 
(AT) is greater tlian the first predetermined value (ATI), a decision to increase 
the capacity of the compressor (5) is made (106) and the number of revolutions of 

25 the motor (6) is increased; otherwise, i.e. if AT is smaller than ATI, the capacity 
is kept constant and the process returns to step (103) where new temperature 
values are measured and a new temperature difference is calculated. In the 104*^* 
step, if the baffle is closed it is assumed that the freezer compartment wiU be 
cooled more rapidly and the temperature difference value (AT) is compared to a 

30 second predetermined difference value (AT2), (107). If the temperature 
difference value (AT) is greater than the second predetermined difference value 
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(AT2), a decision to increase the capacity of the compressor <5) is made (106) and 
the number of revolutions for the motor (6) is increased; otherwise, i.e. if AT is 
smallelr than AT2, the capacity is kept constant and the process returns to step 
(103) where new temperature values are measured and a new temperature 
5 difference is calculated. During the oparation of the method according to the 
invention, if no increase occurs in the compressor (5) capacity, after it starts to 
operate or after its capacity is increased at any moment wifliin a determined time 
period^ its capacity is increased at the end of the determined time period (106). As 
the ftesh food con^artment (2> temperature tmy continue to increase for a certain 
10 time, after the increase in the cap^ity of the compressor (5), a decision to 
increase the number of revolutions for the motor onCe more, should not be made 
according to the measurements taken in this period, a certain time should pass 
before making a decision, 

15 The decision tp decrease the capacity of the compressor (5) is made according to 
the following sub-decision process. In this sub decision ptocess^ first the on/off 
condition of the coit^ressor (5) is checked (200), If it is operating, Le. "on", the 
temperature in the freezer compartment (3) is controlled to see if it drops below 
the upper limit value (Tfieezer-max) of the temperature range within the limits of 

20 which the freezer CQmpartment (3) temperature (Tfieezer) should be (201). When 
the freezer compartment (3) temperature value falls below the upper limit value 
of said temperature range, ff the temperature senisor (4) detects (202) an increase 
in the temperature at any moment (20) considering the possibility of a thermal 
load, the sub-decision process to increase the cpmpressor (5) capacity is repeated 

25 to determine weather such an increase is required or not. As long as the 
temperature sensor (4) continues to record decrease in temperature, the sub- 
decision process are carried on to decrease the compressor (5) capacity. The 
position of the baffle (9) is checked after this step (203); if it is closed no change 
in the capacity of the corrq[)ressor (5) is made (204), but if the bafle (9) is open, 

30 the speed of cooling (Vcooling) is calculated (205). If the bafQe (9) closes before 
a predetermined threshold period (t) is passed, the cooling speed is found by 
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dividing the difference between the temperature vahies at the moments when the 
baffle (9) is closed and when the bafifle (9) is opened to the time period when the 
baffle (9) remained open; and if it is not closed during the predetermined open 
state period (t), the cooling speed is found by dividing the difference between the 
5 teix^erature value determined at the end of the threshold period and the value at 
the moment when the baffle (9) is opened^ to the threshold period (t). Then the 
compressor (5) capacity corresponding to the actual compressor (5) capacity and 
cooling speed (Vcoolipg) is found from the table showing the experknental data 
(206) and the compressor (5) is operated after being brought to this capacity 
10 (207). 
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CLAIMS 

1 . A refrigerator control method for a refrigerator (1) comprising a fresh food 
5 storage compartment (2), a freezer cony)artment (3), a temperature sensor 

(4) provided in the freezer compartment (3), a baffle (9) to control the flow 
of air from the freezer compartment (3) to the fresh food compartment (2), 
a compressor (5) compressing and circulating the refrigerant, provided 
with a motor (6), a converter (7) enabling the operation of tiie compressor 
10 (5) at different number of revolutions of the motor (6) and a control card 

(8) enabling said refrigerator (1) to operate as required^, which increases 
the capacity of the compressor (5) by increasing the number of revolutions 
of the motor (6) depending on the open/closed position of the baffle (9) 
aiid on the amount of the temperature increase in the freezer compartment 
15 (3) during the operation of said compressor (5), or decreases the capacity 

of the compressor (5) by decreasing the number of revelations for the 
motor (6) depending on the freezer compartment (3) cooling speed when 
the baffle (9) is open. 

2. A refrigerator control method as defined in Claim 1, comprising the steps 
of: 

- checking whether the compressor (5) is operating or not (100), 

- if the compressor (5) is operating, checking whether the 
temperature in the freezer compartment (3) drops below the upper 
limit value of the temperature range within the limits of which the' 
freezer compartment (3) temperature should be (lOla),, 
in case the temperature value of the freezer compartment (3) does 
not fell below the upper limit value of said temperature range, in a 
determined time period (101b), increasing the compressor (5) 
capacity and thus the number of revolutions for the motor (6) 
(102), 
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- in case the tempei^ture value of the jfireezer compartment (3) fells 
below said upper limit value, measuring the first and last 
temperature values in a given time period by the temperature 
sensor (4) and calculating the differential temperature (AT) 

5 between these values (103), 

- if this difference of temperature (AT) is positive, checking the 
open/closed position of the baffle (9), (104), 

- if it is open comparing flie calculated temperature difference (AT) 
value to the predetermined fest temperature difference (ATI) 

10 valud(105), 

- if the temperature difference value (AT) is greater than the first 
predetermined value (ATI), iacreasing the capacity of the 
compressor (5) by increasing the number of revolutions for the 
motor (6) (106), 

15 - if AT is smaller than ATI, keeping the compressor (5) capacity 

constant and returning to step (103) where new temperature values 
are measured and a new ten5)erature difference is calculated, 

- in the 104*^ step, if the baffle is closed, comparing the calculated 
temperature difference (AT) value to a second predetermined 

20 difference valine (AT2) (107), 

- if the temperature difference value (AT) is greater than the second 
predetermined difference value (AT2), increasing the capacity of 
the compressor (5) by upgrading the number of revolutions for the 
motor (6) one step (106), 

25 - if AT is smaller than the predetermined second difference value 

(AT2)5 keeping the compressor capacity constant and returning to 
step (103) where new temperature values are measured and a new 
temperature difference is c^culated. 

30 3, A refrigerator control method as defined in Claims 1 and 2, comprising the 
step of iucreasiag the capacity of the conc5>ressor (5) by upgrading the 
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number of revolutions of the motor (6) one step, (106), at the end of a 
determined time period, if no increase occiors in the compressor (5) 
capacity, after it starts to operate or after its capacity is increased at any 
moment . 

5 

4, A refrigerator control method as defined in Claiml, comprising the steps 
of: 

- checking whether the compressor (5) is operating or not (200), 

- if the conipressor (5) is operating, checking whether the 
10 temperature in the freezer compartment (3) drops below the upper 

limit value of the temperature range within the limits of which the 
freezer compartment (3) temperature should be (201), 

- when the temperature value of the freezer compartment (3) fells 
below said upper limit value, detemiining the change of 

15 temperature in the freezer compartment (3), (202), and in case 

there is an increase, the sub-decision process to increase the 
compressor (5) capacity is repeated to detemiine weather such an 
increase is required or not, 

- in cases when the temperature sbnsor (4) detects a fall in the 
20 temperature, checking the {iosjltion of the baffle (9), 

- if the bafiHe (9) is closed, keeping constant tlie number of 
revolutions of the compressor (5) motor (6) and making no changes 
in the conq>ressor (5) capacity (204) 

- if the baffle (9) is open and if the baffle (9) closes before a 
25 predetermined threshold period (t) is passed or if it is not closed 

during a predetermined threshold period, calculating the cooling 
speed (Vcooling) (205), 

- finding the compressor (5) capacity corresponding to the cooling 
speed (Vcooling) (206) and decreasing the con^iressor (5) 

30 capacity by down grading the ntunber of revolutions of tihie 

compressor (5) motor (6), (207). 
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5, A reftigerator control method as defined in Claim 4, wherein the cooling 
speed value, calculated by dividing the difference between the temperature 
values at the moments when the bafiEle (9) is closed and when the baffle 
(9) is opened to the time period when the bafiQe (9) remained open, is used 
in case the baOle (9) closes before a predetermined threshold period (t) is 
passed. 

6« A refrigerator control method as defined in Claim 4^ wherein the cooling 
speed value, calculated by dividing the difference between the 
temperature value determined at the end of the threshold period and the 
value at the moment when the baffle (9) is opened, to the threshold period 
(t), is used in case it is not closed during the predetennined threshold 
period (t). 
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Figjurie 1 
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Figure 2a 
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Figure 2b 
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